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Background: Pain on injection of rocuronium is a common clinical problem. We compared the efficacy of lidocaine, 
ketorolac, and the 2 in combination as pretreatment for the prevention of rocuronium-induced withdrawal 
movement. 

Methods: For this prospective, randomized, placebo-controlled, double-blind study a total of 140 patients were 
randomly allocated to one of 4 treatment groups to receive intravenously placebo (saline), lidocaine (20 mg), 
ketorolac (10 mg), or both (n = 35 for each group), with venous occlusion. The tourniquet was released after 2 min 
and anesthesia was performed using 5 mg/kg thiopental sodium followed by 0.6 mg/kg rocuronium. The withdrawal 
response was graded on a 4-point scale in a double-blind manner. 

Results: The overall incidence of withdrawal movements after rocuronium was 34.3% with lidocaine (P = 0.001), 
40% with ketorolac (P = 0.004), and 8.6% with both (P < 0.001), compared with 74.3% with placebo. There was a 
significantly lower incidence of withdrawal movements in patients receiving the lidocaine/ketorolac combination 
than in those receiving lidocaine or ketorolac alone (P = 0.009 and 0.002, respectively). The incidence of moderate 
to severe withdrawal movements was 14.3% with lidocaine, 17.2% with ketorolac, and 2.9% with lidocaine/ketorolac 
combination, as compared to 45.7% with the placebo. There was no significant difference in withdrawal movement 
between the lidocaine group and the ketorolac group. 

Conclusions: Ketorolac pretreatment had an effect comparable to that of lidocaine in attenuating rocuronium- 
induced withdrawal movements and the lidocaine/ketorolac combination pretreatment, compared with lidocaine 
or ketorolac alone, effectively reduced withdrawal movements during rocuronium injection. (Korean J Anesthesiol 
2013; 64: 25-28) 
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Introduction 

Rocuronium is a widely-used, nondepolarizing muscle 
relaxant with a rapid onset of action and an intermediate 
duration. Pain from the injection of rocuronium is a common side 
effect in anesthetic practice, experienced by 75— 100% of patients 
[1,2]. Even after loss of consciousness during the induction 
of anesthesia, rocuronium causes localized or generalized 
movements in 84% of patients [3] . Numerous strategies have been 
proposed for decreasing the pain associated with rocuronium 
injection. The most popular strategies involve pretreatment with 
drugs, such as lidocaine, although no method is completely 
satisfactory [2-7]. 

Although the mechanism by which rocuronium causes 
pain is the subject of speculation, the triggering of a local kinin 
cascade by kininogen released from the vein walls has been 
implicated in this pain [7]. Prostaglandins may enhance the 
action of the products of the kinin cascade on nociceptors 
present in the vasculature [8]. Non-steroidal anti-inflammatory 
drugs (NSAIDs) decrease prostaglandin synthesis and inhibit 
kinin cascades [9]. Ketorolac is an injectable member of the 
pyrrolo-pyrrole group of NSAIDs and blocks prostaglandin 
production as an exceptionally potent inhibitor of cyclooxygenase 
[10,11]. Therefore, ketorolac might be suitable for preventing 
this distressing side-effect. However, no report has examined 
as to whether ketorolac pretreatment reduces the withdrawal 
movement caused by rocuronium injection. 

Therefore, this study 1) compared the efficacies of ketorolac 
and lidocaine at preventing rocuronium-induced withdrawal 
movements, and 2) evaluated whether the 2 drugs together 
decrease the withdrawal movements following rocuronium 
injection more effectively than a single pretreatment. 

Materials and Methods 

After Institutional Review Board approval and written, 
informed consent, we enrolled 140 patients into the study, aged 
20 to 75 years, belonging to American Society of Anesthesiologists 
physical status classification I and II patients scheduled for 
elective surgery. Patients with difficult venous access on the 
dorsum of the hand, a known allergy to lidocaine or ketorolac, 
chronic pain, pregnancy, and those who had received analgesics 
or sedatives within the previous 24 hours, were excluded from 
the study. 

On patient arrival in the operating room, a 20-gauge cannula 
was placed in the largest vein on the dorsum of the hand 
without local anesthesia ensuring free flow by gravity using 
lactated Ringer's solution as intravenous fluid. All patients were 
monitored with an electrocardiograph, pulse oximeter, and an 
automatic noninvasive arterial pressure monitor. 



Using a computer-generated randomized table in a sealed 
envelope, patients were randomly assigned to one of 4 groups to 
receive placebo (normal saline), lidocaine 20 mg, ketorolac 10 
mg, or both lidocaine 20 mg and ketorolac 10 mg intravenously 
with venous occlusion. If the volume to be administered was 
below 2 ml, normal saline was added to a total volume of 2 ml. 
The dosages of lidocaine (20 mg) and ketorolac (10 mg) were 
chosen based on previous reports investigating their analgesic 
effects on pain during the injection of rocuronium or propofol 
[2,12]. All study drugs were prepared in identical syringes and 
covered by personnel, who did not participate in this study. 
After the route of intravenous infusion was occluded by applying 
a rubber tourniquet to the forearm, the study drug at room 
temperature was administered, and the tourniquet was released 
after 2 min. Anesthesia was induced using thiopental sodium 
5 mg/kg over 10 s. When the eyelash reflex was abolished, 0.6 
mg/kg of 1% rocuronium was injected over 10 s. An investigator, 
who was blinded to patient group assignment, observed patient 
movement during and after rocuronium administration. The 
response was graded on the following scale: 1 (none) = no 
response, 2 (mild) = movement at the wrist only, 3 (moderate) 
= movement involving upper arm or shoulder, or 4 (severe) 
= movement in more than one extremity or a generalized 
response. 

Based on an estimated incidence of 75%, a power analysis 
indicated that a sample size of 35 in each group was sufficient 
to have 90% power of detecting a 50% reduction in incidence 
to 37.5% of withdrawal movements at 95% significance level. 
Data are expressed as means ± SD or numbers (percentages). 
Patient characteristics were compared by one-way analysis of 
variance or chi-square test, as appropriate. The incidence of 
withdrawal movement was analysed using the chi-square test. 
SPSS software (version 13.0; SPSS Inc, Chicago, IL, USA) was 
used. A value of P < 0.05 was considered significant. 

Results 

There was no significant difference in the demographic 
characteristics among the 4 groups (Table 1). 

Table 1. Demographic and Clinical Characteristics of the Study 



Patients (N = 


140). 










Placebo 


Lidocaine 


Ketorolac 


Combination 




(n = 35) 


(n = 35) 


(n = 35) 


(n = 35) 


Age (yr) 


46.8 ± 11.5 


48.5 ± 13.1 


46.2 ± 16.3 


47.2 ± 13.8 


Sex (M/F) 


17/18 


16/19 


15/20 


16/19 


Height (cm) 


162.7 ±7.9 


161.5 ±6.8 


163.3 ±7.0 


164.0 ±9.8 


Weight (kg) 


62.3 ± 9.3 


59.7 ±8.3 


61.9 ±9.4 


62.1 ± 10.6 


ASA (I/II) 


21/14 


17/18 


23/12 


17/18 



Values are means ± SD or the number. 
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Table 2. Frequency and Characteristics of the Withdrawal Response Associated with the Injection of Rocuronium 


Response grade 


Placebo 


Lidocaine 


Ketorolac 


Combination 


(severity of movement) 


(n = 35) 


(n = 35) 


(n = 35) 


(n = 35) 


1 (none: no response) 


9 (25.7%) 


23 (65.7%) 


21(60.0%) 


32 (91.4%) 


2 (mild: wrist) 


10 (28.6%) 


7 (20.0%) 


8 (22.9%) 


2 (5.7%) 


3 (moderate: elbow/shoulder) 


9 (25.7%) 


5 (14.3%) 


5 (14.3%) 


1 (2.9%) 


4 (severe: generalized) 


7 (20.0%) 


0 (0%) 


1 (2.9%) 


0 (0%) 


Overall incidence 


26 (74.3%) 


12 (34.3%)* 


14 (40.0%)* 


3(8.6%)* f t 



Values are numbers of patients (%). P < 0.05 was considered statistically significant. *P < 0.05 vs. placebo group. f P < 0.05 vs. lidocaine group. 
f P < 0.05 vs. ketorolac group. 



The incidence of withdrawal movements after rocuronium 
was 34.3% with lidocaine (P = 0.001), 40% with ketorolac (P = 
0.004), and 8.6% with both (P < 0.001), compared with 74.3% 
with placebo. There was a significantly lower incidence of 
withdrawal movements in patients receiving the lidocaine/ 
ketorolac combination than in those receiving lidocaine 
or ketorolac alone (P = 0.009 and 0.002, respectively). The 
incidence of moderate to severe withdrawal movements was 
14.3% with lidocaine (P = 0.004), 17.2% with ketorolac (P = 0.01), 
and 2.9% with lidocaine/ketorolac combination (P < 0.001), as 
compared to 45.7% with the placebo. There was a significantly 
lower incidence of moderate to severe withdrawal movements 
in patients receiving the lidocaine/ketorolac combination than 
in those receiving ketorolac (P = 0.046), although there was 
no significant difference compared with lidocaine (P = 0.088). 
There was no significant difference in withdrawal movements 
between the lidocaine and ketorolac groups (Table 2). 

No adverse effects were seen at the injection site (eg, pain, 
edema, wheals, inflammation, or hematoma) within 24 hours 
postoperatively, in any of the groups. 

Discussion 

The major finding of this study was that 1) ketorolac with 
venous occlusion, significantly reduced the incidence of 
rocuronium-induced withdrawal movements, from 74.3% in the 
placebo group to 40% in the ketorolac group, which was similar 
to the 34.3% after lidocaine and 2) the combination of lidocaine 
and ketorolac was more efficacious in decreasing the incidence 
of withdrawal movements during the injection of rocuronium 
than either treatment alone (8.6% versus 40% or 34.3%). 

The mechanism of rocuronium-induced pain remains 
obscure, although various theories have been postulated. These 
include direct activation of nociceptors by the low pH or non- 
physiological osmolality, or activation via the local release of 
endogenous mediators such as kinin [1,13,14]. However, Borgeat 
and Kwiatkowski [14] showed that patients, who received 
normal saline adjusted to pH 4.0, reported no pain. Tuncali 
et al. [15] showed that undiluted (10 mg/ml) rocuronium 



caused significant pain on injection compared to diluted 
preparations (1 or 0.5 mg/ml), although the osmolality of both 
preparations did not differ significantly. These results render 
causes associated with pH or osmolality unlikely. Instead, an 
enzymatic cascade, possibly the local kinin cascade triggered 
by kininogen, is suspected of being the likely mechanism. 
According to Borgeat and Kwiatkowski [14], the nature of the 
pain with rocuronium (eg, immediate, short-duration pain with 
a marked decrease in severity with repeated administration) 
probably reflects a direct irritant effect on the kinin cascade. 
These characteristics of rocuronium injection pain are similar to 
the characteristics of pain induced by the intravenous injection 
of propofol. Therefore, mediators that are related to the pain 
induced by propofol injections may also be involved in the pain 
associated with rocuronium injection [14,16]. Huang et al. [12] 
demonstrated that pretreatment with 10 mg ketorolac with 
venous occlusion for 2 min reduced the propofol injection pain. 
They compared the retention time under venous occlusion 
and commented that sufficiently long venous occlusion (120 
s, but not 30 or 60 s) played a significant role in reducing 
this pain. Therefore, we used the same dose of ketorolac and 
venous occlusion to hold the ketorolac within the vein for 2 
min, allowing time to inhibit the kinin cascade peripherally. We 
drew a similar conclusion: ketorolac pretreatment alleviated 
withdrawal movements during rocuronium injection. Therefore, 
the reduction in withdrawal movements that we observed could 
also be the result of a local peripheral action via inhibition of 
the kinin cascade through the cyclooxygenase pathway. Indeed, 
experimental data suggest that ketorolac produces analgesia, 
mainly peripherally, by reducing sensitizing prostaglandins 
[17,18], although some NSAIDs also have a central action [19]. 

Ketorolac improved the tourniquet tolerance and quality of 
postoperative analgesia when it was combined with lidocaine 
as intravenous regional anesthesia [20,21]. Studies indicate 
that 20 mg of ketorolac is effective in intravenous regional 
anesthesia without adverse effects, implying that a larger 
dose may increase the risk of local complications [21,22]. We 
used 10 mg of ketorolac with the venous occlusion technique 
and no localized complications, such as pain, edema, wheal, 
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inflammation, or hematoma were observed at the injection site 
within 24 hours, postoperatively. 

Based on our literature search, ours appears be the first 
investigation of the efficacy of ketorolac alone or in combination 
with lidocaine as pretreatment for reducing pain on injecting 
rocuronium. Although lidocaine pretreatment has positive 
results and is widely used for reducing rocuronium injection 
pain, it is contraindicated in patients with lidocaine allergy [23]. 
Based on our results, ketorolac could be a useful alternative 
pretreatment for patients allergic to lidocaine. In other cases, 
the lidocaine/ketorolac combination could be a more effective 
pretreatment option. 

In conclusion, ketorolac pretreatment had an effect 
comparable to that of lidocaine in attenuating rocuronium- 
induced withdrawal movements and the lidocaine/ketorolac 
combination pretreatment, compared with lidocaine or 
ketorolac alone, effectively reduced withdrawal movements 
during rocuronium injection. 
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